The management and valorization of residual organic matter, such as sewage sludge 1 and manure, is gaining interest because of the increasing volume of these residues, their 2 localized generation and the related problems. The anaerobic digestion of mixtures of 3 sewage sludge and manure could be performed due to the similarities between both 4 residues. The purpose of this study is to evaluate the feasibility of the co-pyrolysis of 5 sewage sludge (SS) and digested manure (DM) as a potential management technology for 6 these residues. Pyrolysis of a sewage sludge/manure blend (50:50%) was performed at 7 525 ºC in a stirred batch reactor under N2 atmosphere. The product yields and some 8 characteristics of the product were analyzed and compared to the results obtained in the 9 pyrolysis of pure residues. Potential synergetic and antagonist effects during the co-10 pyrolysis process were evaluated. Although sewage sludge and manure seem similar in 11 nature, there are differences in their pyrolysis product properties and distribution due to 12 their distinct ash and organic matter composition. For the co-pyrolysis of SS and DM, the 13 1 product yields did not show noticeable synergistic effects with the exception of the yields 14 of organic compounds, being slightly higher than the predicted average, and the H2 yield, 15 being lower than expected. Co-pyrolysis of SS and DM could be a feasible management 16 alternative for these residues in locations where both residues are generated, since the 17 benefits and the drawbacks of the co-pyrolysis are similar to those of the pyrolysis of each 18 residue.
exceeds the local demand for agricultural fertilizers (in terms of N content). Thus, at least 39 a portion of these residues could be co-processed together with sewage sludge. This as sewage sludge, manure and/or municipal solid wastes. Therefore, the development of 45 alternative technologies for the management of these kinds of residues is required. In this 46 regard, the pyrolysis of anaerobically digested organic-based wastes appears as a potential 47 method for valorizing these residues. This process stabilizes them, reduces their volume, 48 and produces three product fractions (solid, liquid and gas) valuable for energy and/or 49 chemical production.
50
The EU Framework Programme for Research and Innovation establishes the need for 51 seeking innovative and sustainable technologies for the management of manure and other 52 effluents from livestock production. A similar approach is applied to sewage sludge. The 53 pyrolysis of each one of these residues has been investigated in the past; for instance, the 54 pyrolysis of sewage sludge has been widely studied for liquid production (Fonts et al., 55 2012) and also for obtaining solid products that can be used as adsorbents (Smith et 
89
The purpose of this study is to compare the main properties of the pyrolysis products 90 obtained from digested sewage sludge (SS) and digested manure (DM) and to ascertain 91 the potential synergetic and antagonist effects during the co-pyrolysis process.
92

MATERIALS AND METHODS
93
2.1
Materials.
94
The anaerobically digested and thermally dried SS used for this work was supplied by 95 an urban wastewater treatment plant located in Madrid (Spain). The DM was supplied by 96 the HTN Biogas Company located in Navarra (Spain) and was obtained by anaerobic co-97 digestion of cattle manure with food and agro-industry wastes. The anaerobically digested 98 manure was separated in a decanter centrifuge and the solid fraction was dried at 105 ºC.
99
The proximate and ultimate analysis, the higher heating value, the density and pH of these 100 materials contents are displayed in Table 1 . The extractive content of both materials, also 101 shown in Table 1 , was determined by Soxhlet extraction with dichloromethane. The 102 content of other organic macromolecules in SS and DM are also displayed in Table 1 . Spectroscopy (ICP-AES).
132
As can be seen in contribute to the previously mentioned band found at 1409 cm -1 .
160
As detailed in the next Section, both materials were pyrolyzed in the pyrolysis reactor 161 without prior grinding. The particle size distributions for SS and DM are shown in Table   162 3. 
163
178
A bench-scale stirred batch reactor was used to pyrolyze each residue alone (SS and 179 DM) and also the 50:50% blend (SS/DM). Figure 2 illustrates the laboratory scale setup.
180
The cylindrical reactor has a diameter of 107 mm and a length of 294 mm. introduced.
204
The lower heating value of the gas (free of N2) (LHVgas) was calculated considering with a minor difference in the DTG peak maximum (the predicted curve showed a DTG 270 peak maximum at 318.5 ºC, whereas the experimental curve gave 312.5 ºC). At higher 271 temperatures, experimental data showed lower mass loss than predicted, especially from 272 700 ºC. It seems that the carbonate decomposition region already shown for DM in Figure   273 3 was affected in two ways by the presence of SS. On the one hand, the experimental 274 DTG temperature peak was 698.5 ºC vs. the predicted peak at 713.5 ºC. On the other hand,
275
the total mass loss in this stage was lower than the arithmetic average of both basis, the char yield from the DM pyrolysis is higher than that from SS (see Figure 5b ).
295
These results are in accordance with the higher fixed carbon content of the DM (see Table   296 1), which could be justified by its higher lignin content and lower extractives content. It in this study has lower protein content than the SS, which could produce lower amounts 316 of pyrolytic water and consequently a lower water yield, expressed on dry ash free basis.
317
The amount of condensable organic compounds generated by pyrolysis was much lower 
323
For the co-pyrolysis of SS and DM, the product yields showed an expected behavior, product yields between the two materials studied in this work. yield from the pyrolysis of DM could be explained by the lower S content in this material.
353
As can be seen from Figure 6 , no relevant synergistic effects regarding the gaseous According to the gas composition, the LHVgas (N2 free) from the DM pyrolysis types of feedstock could be enough to use the gas as a fuel, although a system for cleaning 369 combustion gases would be required. 
Liquid characterization
371
The liquid product obtained from the pyrolysis of each residue is heterogeneous,
372
showing two different phases (AP and OP, as stated in the Experimental Section). The
373
AP was the major liquid phase in all the runs (Table 4 ). The OP yield was much lower 374 from the DM than from the SS pyrolysis. However, the AP yield was similar for all the 375 runs ( Table 4 ). The OP yield obtained from the co-pyrolysis seemed to increase slightly 376 more than the amount explainable by a predicted average, as was the case with the yield 377 of organic compounds. Water was the major component present in the liquid. Table 6 shows the ultimate analyses of the aqueous phases and the pH of these phases.
402
As can be observed, the pH of the AP from the DM pyrolysis was lower than that of the 403 SS pyrolysis. Oxygen-containing aliphatic compounds (mainly carboxylic acids), as well as steroids
404
421
and their derivatives, were the main compounds in the OP from the pyrolysis of SS.
422
However, the main organic compounds from the pyrolysis of DM were nitrogen and/or Table 8 shows the chromatographic area percentages of certain organic compounds 453 identified in the aqueous phases. 
457
Oxygen and nitrogen-containing aliphatic compounds, mainly amides, and oxygen- Table 9 .
489 Table 9 . Properties of the chars obtained from the pyrolysis of SS, DM and SS/DM blend.
490
The values are expressed as mean ± standard deviation The total energy yield in the case of the SS pyrolysis was higher than that obtained for 527 the pyrolysis of DM, mainly due to the lower energy recovery of the OP.
528
The energy balances were calculated for the system shown in Figure 10 to compare the 529 energy requirements for the pyrolysis of each individual residue and for the SS/DM blend. 
549
The ΔH 0 has been calculated for each one of the pyrolysis runs. The results are 550 presented in Table 11 . All the values obtained for ΔH 0 were negative which theoretically means that in the 555 absence of heat losses, the energy that could be used from the cooling and condensation 556 of the products was higher than the energy required for the process. In these terms, the 557 DM pyrolysis and co-pyrolysis of both residues showed much more exothermic behavior 558 than the SS pyrolysis.
559
However, the energy required for the drying of both residues should also be 560 considered. The heat required to reduce the water content of the residues from 65%
561
(typical minimum humidity value obtained from a mechanical dehydration system) to 7- 
CONCLUSIONS
567
The co-pyrolysis of sewage sludge (SS) and digested manure (DM) has been 568 investigated. The char yield from the pyrolysis of DM (dry ash free basis) was higher than 569 that from SS, which is consistent with its higher lignin and lower extractive contents. The 570 pyrolysis of SS produced a gas with higher LHV, but the DM char exhibited better 571 characteristics for energetic applications. The organic compounds and water yields (dry 572 ash free basis) were larger in the pyrolysis of SS, which could be due to its higher 573 extractive and protein contents, respectively.
574
The liquid obtained from the pyrolysis of each residue showed an aqueous phase and 575 an organic phase. The main compounds in the organic phase from SS were carboxylic 576 acids whereas phenols were the main compounds in the organic phase from DM. The 577 aqueous phases from each residue were rich in carboxylic acids, but the aqueous phase 578 from SS also contained amides in large proportions, which explains its higher pH.
579
The product yields of the co-pyrolysis of SS and DM did not show noticeable and DM could explain the small synergistic effect on their co-pyrolysis. Therefore, co-588 pyrolysis of SS and DM could be a feasible management alternative for these residues in 589 locations where both wastes are generated locally, since the benefits and the drawbacks 590 of the co-pyrolysis are similar to those of the pyrolysis of pure residues. 
